obviates the opportunity of eavesdrop.
On the other side, to fully harness the gains of optical wireless communications confronts with have many disadvantages [2] , including 1.atmospheric absorbtion: Signal intensity is attenuated by atmospheric absorbtion.
2. scattering : Rain drops, fog, snow, or smoke can scatter the light.
3. scintillation: Fluctuation in the intensity and phase of the received signal.
So with the increasing of information communication, optical wireless communication has emerged as a viable technology for next generation indoor and outdoor broadband wireless applications. Applications range from short-range wireless communication links providing network access to portable computers, to last-mile links bridging gaps between end users and existing fiber optic communications backbones, and even laser communications in outer-space links. Indoor optical wireless communication is also called wireless infrared communication [2] , while outdoor optical wireless communication is commonly known as free space optical (FSO) communication. Expansion of network bandwidth resources and improvement of communication flows have become important issue. Thus higher requirements of modulation are proposed.
II. FREE SPACE OPTICAL COMMUNICATION SYSTEM AND CHANNEL

A. Free Space Optical Communication Systems
The major systems in an FSO communication system are illustrated in Fig 1[3] . A source data input is to be transmitted to a destination. This source has its output modulated onto an optical carrier; typically laser, which is then transmitted as an optic al field through the atmospheric channel. At the receiver, the field is optically collected and detected, generally in the presence of noise interference, signal distortion, and background radiation. 
B. Free Space Optical Communication Channel
In FSO communication links, absorption of the beam by the atmosphere can be important, especially in adverse weather conditions of fog, snow, heavy rain, or obscuration [4, 5] .
Atmospheric attenuation and atmospheric turbulence can be emerged while the laser light through the atmosphere [6, 7] . The most practical modulation technique in wireless optical communication systems is intensity modulation and direct detection (IM/DD). The IM/DD modulation systems are simpler and cheaper than the coherent modulation techniques. The idea of IM/DD derives from transmitting the information on the instantaneous power of the carrier signals. The receiver has a photo-diode that response to the received signal by producing an electrical current that is proportional to the instantaneous power of the received signal. The appropriate channel model for optical wireless communication systems depends on the intensity of the background noise. For the case of low background noise the received signal is modeled as a Poisson Process with rate λr(t)=λs(t)+λn .where λs(t) is proportional to the instantaneous optical power of the received signal , and λn is proportional to the background light. The channel is called quantum limited if λn is zero. If λn is very large and the receiver exploits a wideband photodetector, or if the background light is very intense even after using narrowband optical filters, the optical communication channel with intensity modulation (IM/DD) can be accurately modeled by a baseband additive white Gaussian noise (AWGM) model [3] . y(t)=x(t)+n(t). Where y(t) is the instantaneous current of the receiving photodetector, x(t) is the instantaneous optical power of the transmitter , and n(t) represents the additive white Gaussian noise with N 0 /2 power spectral density [10] , [12] . In this model the instantaneous transmitted power x(t) is given by
Where Pt represents the average optical power at the transmitter. From the above equation, we can see that the amplitude of x(t) is constrained, while the energy of x(t) determines the performance of the system. By allowing x(t) in the modulation scheme to have a very small duty cycle we can produce high energy modulation schemes that will definitively surpass conventional modulation schemes that are appropriate for wireless channels [5] . So special kinds of modulation schemes are introduced under the constraints of IM/DD.
C. Introduction of simulation environment
MATLAB is a high-level technical computing language and interactive environment for algorithm development, data visualization, data analysis, and numeric computation.So MATLAB is adopted in this paper for the simulation of wireless optical communication modulation.The main strengths of MATLAB lie both in its interactive nature, which makes it a handy exploration tool, and the richness of its precompiled libraries and toolboxes, which can be combined to slove complex problems. Using MATLAB, you can solve technical computing problems faster than with traditional programming languages, such as C, C++, and Fortran. You can use MATLAB in a wide range of applications [8] , including signal and image processing, communications, control design, test and measurement, financial modeling and analysis, and computational biology.Add-on toolboxes (collections of special-purpose MATLAB functions, available separately) extend the MATLAB environment to solve particular classes of problems in these application areas.MATLAB provides a number of features for documenting and sharing your work. You can integrate your MATLAB code with other languages and applications, and distribute your MATLAB algorithms and applications. MATLAB also offers a large set of built-in functions, toolboxes and a graphics subsystem. in this work we are only concerned with the MATLAB toolboxes-Simulink.
III. MODULATION SCHEMES IN OPTICAL WIRELESS COMMUNICATIONS
The traditional modulation systems (coherent or noncoherent) of wireless communication can be classified into two basic categories. The first category contains the modulation techniques that exhibit improved bandwidth efficiency, such as multilevel phase shift keying (M-ary PSK), multilevel polarization shift keying (M-ary PolSK), and M-ary DPSK modulation schemes. The bandwidth-efficient modulation schemes have their bandwidth efficiencies proportional to the number of bits per symbol (or equivalently the total number of possible transmitted symbols), and they spread the signal constellation points over low-dimensional space (such as the bi-dimensional constellation for M-ary PSK and M-ary DPSK modulations and tri-dimensional constellation for M-ary PolSK modulation) [8] . Even through the bandwidth efficiency of such modulation schemes improves as the number of data of bits per symbol increases, their power efficiency decreases since the geometric distances between dense low-dimensional signal points decrease with the increase in the number of symbols.The others classified category of modulation schemes contains the power-efficient high-dimensional schemes, such as M-ary orthogonal FSK and M-ary biorthogonal modulation schemes. Since the spaces dimensionality of the signal constellation increases with the increase in the number of symbols, this type of modulation schemes exhibit improvement in their power efficiency as the number of signal points increase. However, the increase in the number of symbols require more bandwidth for transmission in order to convey with the increase of signal dimensionality.
The associated modulation schemes must therefore embed information in the signal intensity. This technique is known as intensity modulation. The reliance on IM/DD will have a significant impact on the design of a pixelated optical system [9] . Most notable, the transmitted signal can never be negative . Since information is contained in the intensity of the transmitted signal , and an intensity can never be negative , the modulation coefficients must be set such that the signal satisfies a non-negativity constraint . This differs from modulation schemes for RF system , such as quadrature amplitude modulation (QAM), where the coefficients are complex, representing the amplitude and phase of the signal. Modulation schemes for wireless optical communication include simple schemes such as on-off keying (OOK) and pulse position modulation (PPM), as well as other more efficient schemes such as DPPM, DPIM and DH-PIM.
A variety of wireless optical communication modulation is proposed in the present study [10] . The ways involved in this article are the focus on attention in this field, including the on-off keying modulation, pulse position modulation, differential pulse position modulation, digital pulse interval modulation, double-pulse interval modulation and improved differential pulse position modulation [12] .
A. On-Off keying Modulation
In the digital wireless optical systems, as the simplest way, the on-off keying modulation is based on intensity modulation with direct detection. The generation of optical pulse is achieved by opening and breaking of lasers, when sending information "1", the light pulses are sent; when sending information "0", the laser is shut down completely. The bit rate is denoted as Rb=1/Tb, where Tb is the bit duration; and is directly related to the rate at which the source can be switched on and off. The normalized transmit pulse shape for OOK is given by Basis function of OOK
B. Single-pulse position modulation (L-PPM)
Single-pulse position modulation converts a binary M-bit data group to a single pulse signal at a particular time slot in time segment which are composed by L=2M time slots, each time slot is called chip. In block encoding, bits are transmitted in blocks instead of one at a time. Optical block encoding is achieved by converting each word of M bits into one of L = 2M optical fields for transmission. One of the most commonly used optical block coding schemes is PPM, where an input word is converted into the position of a rectangular pulse within a frame [14] .The frame with duration Tf is divided into L slots and only one of these slots contains a pulse. This scheme can also be denoted as L-PPM, in order to emphasize the choice of L. L-PPM is an L-ary modulation scheme using two intensity levels.Each symbol interval is divided into a series of L subintervals [13] . An example of the basis function for 4-PPM is showed in figure 3 . 
C. Differential Pulse Position Modulation
Differential pulse position modulation is one of the method of modulation which was improved on the basic of PPM . For one sign of L-PPM, its time slot is aptotic L bits, one of them is 1, and the other are 0. Then the code number of L-DPPM is indefinite, it is composed by s string of low level and single high level followed. The signals after high level in a code block of the PPM modulation signal are removed by the DPPM modulation signal.
D. Digital Pulse Interval Modulation(DPIM)
As similar to the DPPM, the symbol length of the DPIM is unfixed and can be divided into unprotected slots and protected slots, protected DPIM modulation mostly adopt one protected slot to reduce the impact of intersymbol interference effectively. The modulation symbols S k (k is the decimal number expressed by the symbol) contain k+2 time slots, after each starting time slot L , the pulse adds a protected empty slot and adds k empty slots for expressing information . When demodulation in the receiver, after determining the pulse time slot received, it only needs to count the empty time slot and subtract one for them. In the receiver, therefore DPIM only need clock synchronization without symbol synchronization, [3] this greatly simplifies implementation of the system.
E. Double-Pulse Interval Modulation (DH-PIM)
DH-PIM modulation is more complex, the time slot included by each symbol is also mutative, but the symbol adopts two kinds of starting pulse . The symbol Sk was formed by head slot and m empty time slots followed.
The head time slot is included by a+1 time slot (a is integer). Considering two forms of head H1 and H2, theH1 initial pulse width is a/2 time slot , followed by (α / 2) +1 protected time slots ; H2 pulse width is a time slots , followed by one time slot . When k<2 M -1 , he head time slot of symbol S k is H1,otherwise it is H2 .
IV. PERFORMANCE ANALYSIS AND COMPARISON OF BANDWIDTH DEMAND
Because the bandwidth of the receiver is limited by the large volume capacitance of light receptors, bandwidth of the wireless optical communication system is smaller and better. Under the condition of same bit rate, bandwidth requirements of the five kinds of modulation are analyzed and compared, assuming that the modulation order are M. 
The results of normalized band width according to OOK by matlab simulation is showed in the figure4 [16] .
It can be seen that the bandwidth demand of PPM is the highest and the bandwidth demand of DPPM is the second highest, the bandwidth demand of OOK is the lowest. Along with the increase in the order of modulation M, the bandwidth demand of PPM, DPPM, DPIM and DH-PIM modulation is higher and higher.
V. PERFORMANCE COMPARISON OF AVERAGE TRANSMITTED POWER
Because of the eye-safe and portable requirements of mobile communication device, the transmitted power of atmospheric wireless optical communication is greatly restricted. As far as possible to improve utilization rate of power is demanded. For the OOK (NRZ) , assuming that P 1 is the power of launching optical pulse "1" , in the event that the probability of appearing "0" and "1" is same , its average transmitted power is: P OOK =P 1 /2 . Because 2 M time slots are contained by one PPM symbol , only one time slot send optical pulse . So the average transmitted power of L-PPM is : 
By the same token,
in the way of DH-PIM, the average width of head pulse is 1.5 pulses (supposing that the two head pulses is equal probability). α/2 slots are employed by each pulse , so the average time slot in length of head pulse is L α =3α/4 and the average transmitted power is given by It can be seen that the power utilization efficiency of PPM, DPIM, DPPM and DH-PIM is higher than OOK. [4] With M increases, the trend is more obvious; power utilization efficiency of PPM is the highest and the DPIM is the second highest. When M is less than 4, the power utilization efficiency of DH-PIM (α=1) is superior to DPPM; When M is more than 4, the power utilization efficiency of DPPM is superior to DH-PIM (α=1). As M increases, the average transmit power of DPPM and DPIM tend to equal, DH-PIM power utilization ratio is only better than OOK , and its power utilization ratio decreases as α increases. The average transmission power gradually decline as M increases except OOK.
VI. PERFORMANCE COMPARISON OF TRANSMISSION CAPACITY
The size of the transmission capacity represents the ability to transfer information per unit time, and it also was important performance index of atmospheric wireless optical communication. Under the condition of same time slot width, the transmission capacity of OOK, PPM, DPPM, DPIM, DH-PIM modulation were analyzed and compared, their order of modulation were M , the size of bit rate were used to measure size of transmission capacity. Supposing the slot width are τ, then transmission capacity of OOK are1/τ , the average symbol length of PPM are 2 
Normalized transmission capacity for M of a variety of modulation is shown in Figure 6 . C OOK is normalized.
From figure 6 , when M=2 , transmission capacity of OOK are the highest, transmission capacity of DH-PIM (a=1) are the same with DPPM, transmission capacity of DH-PIM (a=2) are the same with DPIM, and the transmission capacity of DH-PIM (a=1) is higher than DH-PIM (a=2) and transmission capacity of PPM is the lowest. When M is greater than 2, [3] OOK transmission capacity is the highest, DH-PIM is superior to DPPM, and DH-PIM transmission capacity increases as a decreases, DPPM is superior to DPIM, transmission capacity of the OOK is the minimum. As M increases (except for OOK), other modulation transmission capacity of other modulation is lower and lower and tends to equal [20] . 
VII. PERFORMANCE ANALYSIS AND COMPARISON OF ERROR RATE
The intensity modulation / direct detection (IM / DD) was adopted in the system of optical wireless communication [17, 18] . It was assumed that the additive white Gaussian noise (AGWN) only exist to discuss conveniently, the mean value of noise n(t) is 0 and the variance is σ n 2 . At the same time the bandwidth of receiver is very wide. Then the x(t) which is gotten in the input of sample decision device are ) (t n S t + when pulse "1" is sent , or x(t) was n(t) without pulse. The signal peak power in the input of decision device are S t . Decision threshold is supposed b, P 1/0 is the probability that "1" are misjudged "0"and P 0/1 is the probability that "0"are: misjudged "1", they respectively are as follows [19] :
Then the error rate are P se =P 1 P 0/1 +P 0 P 1/0 . P 1 and P 0 respectively are the probability of "1"transmitted and "0" transmitted.P 0 +P 1 =1. Probability of occurrence for information "1"and "0" are supposed to equal [22.23] . For OOK, P 1 =P 0 =1/2. Obviously the best decision threshold are:
By the same token available, the error rate of PPM , DPPM , DPIM and DH-PIM are respectively : Under the optimum threshold , the curve of error rate relative to SNR(Signal to Noise Ratio) is shown in figure7. And the SNR (Signal to Noise Ratio) was defined as S t/ 2σ n 2 . From that the error rate decrease as SNR increase for one modulation. When the SNR is certain, the error rate decrease as M increase(except OOK); When the M is certain , the PPM error rate is the minimum and the OOK error rate is the maximum, the DPIM error rate is inferior to DH-PIM, the DH-PIM error rate increase as α increase. The DPPM error rate is briefly inferior to DH-PIM (α=1) when M is equal to 3; and the DPPM error rate is between DH-PIM (α=1) and DPIM when M is equal to 4; the DPPM error rate tend towards to DPIM when M is greater than 4. With the increasing of M, the error rate of PPM, DPPM, DPIM and DH-PIM (α=1) tend to the same.
VIII. CONCLUSION
In this paper, combining the wireless optical channel characteristics of the atmosphere, the performance of bandwidth demand, transmission capacity, power requirements and error rate was analyzed on the five kinds of modulation of atmospheric optical wireless communication. Theoretical analysis and simulation show that OOK is the easiest way without symbol synchronization, the bandwidth demand is the minimum and the transmission capacity is the maximum , but the power utilization is too low and the error rate is large ; the power utilization of PPM with symbol synchronization is greatly improved but the bandwidth utilization is the lowest [21] ; comparing to the OOK ,the DPIM have the higher power efficiency, comparing to the PPM, the DPIM have higher bandwidth utilization , and the DPIM do not need the symbol synchronization at the receiving end; DPPM is relatively close to the DPIM in all respects; DH-PIM modulation method is an improvement of DPIM which use pulses of different lengths in the head slot, the average transmission power and error rates of DH-PIM are slightly higher than the DPIM, but more good bandwidth efficiency is gotten more than DPIM and PPM , its advantages become more pronounced with the symbol length (M) increases. The several modulation methods have their own advantages and disadvantages , and therefore DPPM , DPIM and DH-PIM (α = 1) have more advantages, more suitable for future wireless optical communication systems.
